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Background:Migraine and epilepsy are comorbid conditions.While it iswell known that epilepsy can have an im-
pact on cognitive abilities, there is conflicting evidence in the literature on the relationship betweenmigraine and
cognitive function. The aim of this study was to assess whether migraine comorbidity in patients with newly di-
agnosed focal epilepsy is associated with cognitive dysfunction.
Methods: This is a post hoc analysis of data prospectively collected for the Human Epilepsy Project (HEP). There
were 349 participants screened for migraine with the 13 questions used in the American Migraine Prevalence
and Prevention (AMPP) study. Participants were also screened for depression using the Neurological Disorder
Depression Inventory for Epilepsy (NDDI-E) and the Center for Epidemiologic Studies Depression Scale (CES-
D) and for anxiety using the Generalized Anxiety Disorder-7 (GAD-7) scale. Cognitive performancewas assessed
with the Cogstate Brief Battery and Aldenkamp–Baker Neuropsychological Assessment Schedule (ABNAS).
Results: About a fifth (21.2%) of patients with a new diagnosis of focal epilepsy screened positive for migraine.
There were more women and less participants employed full time among the participants with comorbid mi-
graine. They reported slightly more depressive and anxious symptoms than the participants without migraine.
Migraine comorbidity was associated with ABNAS memory score (median: 2, range: 0–12, Mann Whitney U p-
value: 0.015). However, migraine comorbidity was not associated with Cogstate scores nor ABNAS total scores
or other ABNAS domain scores. In linear regressions, depression and anxiety scores were associated with the
ABNAS memory score.
Conclusion: In this study, there was no association between migraine comorbidity and objective cognitive scores
in patients with newly diagnosed focal epilepsy. The relationship between migraine comorbidity and subjective
memory deficits seemed to be mediated by the higher prevalence of depression and anxiety symptoms in pa-
tients with epilepsy with comorbid migraine.

© 2019 Elsevier Inc. All rights reserved.
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1. Background

Although there are clearly established neurocognitive correlates in
epilepsy, the relation between migraine and cognitive performance re-
mains murky. Given the frequency with which these conditions
cooccur, it remains a challenge to understand which condition may be
contributing to the neurocognitive profile of patients. Interestingly,
most studies that show a negative association between migraine and
cognitive function were evaluating relatively young adults. Specifically,
in the Brainstorm Consortium supplemental analyses, migraine was
egasse de Dhaem).
found to be negatively correlated with cognitive phenotypes (cognitive
performance, college attainment, years of education, and intelligence)
[1]. A longitudinal birth cohort study in New Zealand of 979 patients
tested between ages 3 and 26 years showed that participants who
later developed migraine performed worse on language tasks than
their peers with no history of migraine [2]. High school participants
with migraine also earned lower grades than their peers and eventually
learned less [2]. In another study, patients with severe migraine were
found to have lower memory and information processing performance
and reported more somatic symptoms on subjective scales than pa-
tients without migraine [3]. In a cross-sectional analysis of 4208 partic-
ipants with a mean age of 50 years old, migraine with and without aura
was associated with worse performance in overall cognitive ability and
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on the Trail Making Test, the latter evaluating executive function, atten-
tion, and processing speed [4]. In a cross-sectional analysis of 478 pa-
tients with a mean age of 66 years, migraine was associated with
poorer attention and slower processing speed (Symbol Search Test)
than patients without migraine [5]. However, migraine was not associ-
atedwith performance on other cognitive tests such as thosemeasuring
the following: verbal fluency, workingmemory (digit span backwards),
episodic memory, and inhibitory control (Stroop Test) [5]. In contrast,
other studies of patients withmean ages of 69, 64, and 65 years, respec-
tively did not show a negative association betweenmigraine and cogni-
tive functioning [6–8].

The aim of the present study was to examine whether migraine co-
morbidity in patients with newly diagnosed focal epilepsy is associated
with cognitive impairment. It was hoped that by examining individuals
without a long history of epilepsy, which can increase the potential for
cognitive morbidity, a better understanding of the individual contribu-
tions of migraine to the neurocognitive profile could be better
understood.

2. Methods

2.1. Participants

The study population consists of adult patients from the Human Ep-
ilepsy Project (HEP), which is a six-year prospective observational mul-
ticenter study involving data collection from patients with new onset
focal epilepsy in order to identify markers predictive of disease out-
come. To be included in the study, participants should not have been
started on antiepilepticmedications for seizuresmore than fourmonths
prior to study enrollment. The patientswere enrolled from7/18/2012 to
9/28/2017. The study was approved by Columbia University Institu-
tional Review Board, AAAL5255. Informed consent was obtained from
participants or legal guardians.

2.2. Predictors

The main predictor of symptom report and cognitive performance
was migraine comorbidity. Migraine comorbidity was assessed with
the validated headache questionnaire used in the American Migraine
Prevalence and Prevention (AMPP) study [9,10]. Questions inquired
about elements within the International Classification of Headache Dis-
orders migraine criteria.

Participants were screened for depression using the Neurological
Disorder Depression Inventory for Epilepsy (NDDI-E) and Center for Ep-
idemiologic Studies Depression Scale (CES-D). The NDDI-E was devel-
oped to screen for major depression disorder in patients with
epilepsy. ANDDI-E score of at least 16 has a 90% specificity, 81% sensitiv-
ity, and positive predictive value of 0.62 for the presence of major de-
pression [11]. The CES-D is a validated questionnaire for screening the
general population for depression [12,13]. Participants in the HEP
study were screened for anxiety using the Generalized Anxiety Disor-
der-7 (GAD-7) scale. A cutoff of at least 10 on the GAD-7 scale has
good sensitivity and good specificity for screening for generalized anxi-
ety disorder (89% and 82%), panic disorder (74% and 81%), social anxiety
disorder (72% and 80%), and posttraumatic stress disorder (86% and
84%) [14].

2.3. Outcome variables

The primary outcomes were objective cognitive performance scores
and subjective ratings of cognitive ability. The initial cognitive evalua-
tion of the HEP study included the Cogstate Brief Battery and
Aldenkamp–Baker Neuropsychological Assessment Schedule (ABNAS).

The Cogstate Battery consists of many tasks with subtest selection
depending on individual study needs. For the present study, the main
Cogstate variables were the following:
1) Detection Speed, which assesses psychomotor speed;

2) Identification, which measures attention;
3) One Card Learning, which assesses recent memory;
4) Groton Maze Learning test, which evaluates delayed recall; and
5) One Back Memory, which assesses working memory.

The ABNASwas designed to assess subjective symptoms thatmay be
associated with antiepileptic treatment in patients with epilepsy [15–
17]. It consists of 24 questions, all ranked on a 4-point scale, that survey
six domains: fatigue, memory, concentration, motor, reading, and
slowing [15–17].

2.4. Statistics

Statistical analyses are performedwith IBM SPSS 22.0. Data distribu-
tion is assessedwith Kolmogorov–Smirnov test. Nonparametric data are
analyzed with chi square, MannWhitney U, and linear regression. Since
less than 10% of patients are missing some data, there is no need for
missing data analysis.

3. Results

3.1. Demographic, headache, and mood characteristics (Table 1)

Of the 349 HEP participants for whom data about migraine were
available, 21.2% had migraine. The median age of the entire sample
was 36 years (range: 19–64). There were more women in the group
with migraine comorbidity compared with those in the group without
migraine (75.7% vs 55.6%, chi square p-value: 0.0018). There were no
differences between groups in terms of age, ethnicity, level of education,
alcohol use, tobacco use, cardiovascular or thromboembolic disease, nor
family history of seizures. While there were no differences between the
patients with migraine and without migraine in terms of general em-
ployment status (i.e., full-time vs not full-time), there was a higher pro-
portion of patients with epilepsy without comorbid migraine who are
employed full time (66.2% vs 50% chi square p-value of 0.011).

For the patients with focal epilepsy and migraine, the mean age at
headache onset was 17.9 years (standard deviation [SD]: 8.5 years),
themeanpain severitywas 8.1 on a scale from1 to 10, and themeanMi-
graine Disability Assessment (MIDAS) score was 10.3.

In terms of mood, patients with comorbid migraine reported more
symptoms of depression (NDDI-E medians of 9 vs 11, Mann Whitney
U 0.0093, CES-D medians of 8 vs 11, Mann Whitney U p-value:
0.0037). However, themedianNDDI-E and CES-D scores for both groups
were below the typical clinical thresholds. Comorbid migraine was as-
sociated with slightly more symptoms of anxiety (GAD-7 median of 2
vs 4, MannWhitney U p-value of 0.039), though both patient groups re-
ported fairly minimal symptoms of anxiety overall.

3.2. Primary outcome (Fig. 1)

Migraine comorbiditywas associatedwith theABNASmemory score
(median: 2, range: 0–12 for both groups, Mann Whitney U p-value:
0.015) (Fig. 1). There was no difference between groups for Cogstate
scores nor ABNAS total scores or other ABNAS domain scores.

3.3. Secondary analyses

As there were differences between the two groups in terms of gen-
der, full-time employment status, NDDI-E, or GAD-7, these patient char-
acteristics (including migraine comorbidity) were used as predictors in
a linear regression with ABNAS memory score as the outcome. In the
linear regression, only CES-D (beta 0.16, significance 0.028) and GAD-
7 scores (beta 0.37, sig 2.06E−7)were associatedwith ABNASmemory
score (R2: 0.28).



Table 1
Demographics.

Total Patients with epilepsy without
migraine

Patients with epilepsy with migraine Test, p-value

Number of patients 349 275 (78.8%) 74 (21.2%)
Women 209 (59.9%) 153 (55.6%) 56 (75.7%) χ2: 0.0018
Age Median: 36 (mean: 37.4,

SD: 12)
Median: 36 (range: 19–64, mean: 37.6,
SD: 12)

Median: 34 (range: 19–60, mean: 36.3,
SD: 11.9)

Mann Whitney U:
0.36

Race Unknown: 18 (7.8%) Unknown: 16 (5.9%) Unknown: 2 (2.8%) χ2: 0.69
White 274 (78.5%) 216 (78.5%) 60 (81%)
African American 42 (12%) 32 (11.6%) 10 (13.5%)
Asian 12 (3.4%) 10 (3.6%) 2 (2.7%)
Native American 1 (0.3%) 1 (0.4%) 0
Latino 29 (8.3%) 23 (8.4%) 6 (8.1%) χ2: 0.89

Highest level of education Unknown: 3 Unknown: 2 Unknown: 0 χ2: 0.81
Not finished high school 18 (5.2%) 15 (5.5%) 3 (4.0%)
GED or high school 52 (14.9%) 40 (14.5%) 12 (16.2%)
Associate degree 38 (10.9%) 32 (11.6%) 6 (8.1%)
Some college 56 (16.0%) 39 (14.2%) 17 (23.0%)
Bachelor 108 (30.9%) 85 (30.1%) 23 (31.1%)
Master 52 (14.9%) 43 (15.6%) 9 (12.2%)
PhD or professional school 23 (6.6%) 19 (6.9%) 4 (5.4%)

Level employment Unknown: 4 Unknown: 4 Unknown: 0 χ2: 0.067
Full-time 219 (62.8%) 182 (66.2%) 37 (50%)
Part-time 39 (11.2%) 29 (10.5%) 10 (13.5%)
Homemaker 12 (3.4%) 7 (2.5%) 5 (6.8%)
Student 30 (8.6%) 21 (7.6%) 9 (12.2%)
Unemployed 45 (12.9%) 32 (11.6%) 13 (17.6%)

Full-time vs no full-time 219 (62.8%) 182 (66.2%) 37 (50%) χ2: 0.011
NDDI-E median, range, N 9.5, 6–24, N = 338 9, 6–24, N = 268 11, 6–23, N = 70 Mann Whitney U:

0.0093
CES-D median, range, N 9, 0–48, N = 340 8, 0–48, N = 269 11, 0–46, N = 71 Mann Whitney U:

0.0037
GAD-7 median, range, N 3, 0–21, N = 340 2, 0–21, N = 269 4, 0–18, N = 71 Mann Whitney U:

0.039
Alcohol 188 (53.9%) 153 (55.6%) 35 (47.3%) χ2: 0.20
Tobacco 89 (25.5%) 71 (25.8%) 18 (24.3%) χ2: 0.79
Cardiovascular or thromboembolic
disease

64 (18.5%) 49 (18%), N = 272 15 (20.3%), N = 74 χ2: 0.66

Family history of seizures 106 (31.5%) 82 (30.9%), N = 265 24 (33.3%), N = 72 χ2: 0.70
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4. Discussion

The 21% prevalence of migraine in this study of patients with new
onset focal epilepsywas consistent with that reported in prior literature
[18]. The two groups were similar in many respects though varying
levels of disparitywere noted in gender ratio, full-time employment sta-
tus, and depression and anxiety symptoms. Specifically, there were
Fig. 1. Box plots of A
more women with migraine comorbidity, however, this is consistent
with the known higher prevalence of migraine in women compared
with men. In our sample of patients with focal epilepsy, the prevalence
of migraine was 26.8% in women and 13.9% in men. The higher propor-
tion of patients working full time in the group without migraine might
be due to the association between migraine and disability and/or a
range of secondary variables such as the greater frequency of part-
BNAS memory.
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time employment amongwomen [19]. In terms of depression and anx-
iety, although there were statistical differences between the two
groups, it is important to note that the median level of symptom report
was not in the clinical range for either measure in either group. A hy-
pothesis for the higher prevalence of depression and anxiety complaints
in participants with comorbid migraine is the shared heritability and
pathophysiology between migraine, epilepsy, and affective disorders
[1]. Taken together, the two groups were fairly homogeneous, and
when there were differences in demographic or psychiatric variables,
theywere either not unexpected or not necessarily clinically significant.

With regard to subjective report of cognitive symptoms, both groups
had ABNAS scores under 15 (respective median: 7.5 in the group with-
out migraine vs 11 in the group with migraine), meaning that neither
group perceived that they were experiencing unusual levels of somatic
or neurocognitive symptoms. Subthreshold ABNAS scores in this study
population may reflect the fact that individuals have only been recently
diagnosed with seizures [20]. Therefore, they may not have suffered
from the cumulative impact of seizures and/or chronic antiepileptic
medications on cognitive functioning. Despite the low total ABNAS
scores, the patients with comorbid migraine had more memory com-
plaints. As noted above, only one study reported that patients with se-
vere migraine performed worse on memory tasks and had more
somatic symptoms on subjective scales [3]. Two cross-sectional studies
suggested that patients with migraine have difficulties with attention
tasks [4,5]. As secondary analysis revealed that only depressive and anx-
iety symptoms (CES-D and GAD-7 continuous scores) are associated
with subjectivememory complaints, the subjectivememory complaints
in the group with migraine comorbidity might be due to somewhat
higher affective distress in that group.

Finally, migraine comorbidity in these patients with epilepsy was
not associated with a disparity in group performance on objective mea-
sures of cognitive impairment.

5. Limitations

The main limitation of the study is the post hoc analysis of the data
collected within this larger, multisite study. As such, the assessment of
migraine, depression, and anxiety was limited to the content of the se-
lected study questionnaires rather than through a structured or
semistructured clinical interview that may more accurately confirm
these diagnoses. The migraine questionnaire used has been validated
and widely used in the AMPP studies. The questions address the Inter-
national Classification of HeadacheDisorders (ICHD)-3migraine criteria
and whether the headache might be secondary. One limitation of this
questionnaire is that it does not address migraine aura. Further studies
should further evaluate the association between comorbid migraine
and cognitive function in participants with clinical migraine diagnoses
confirmed by physicians. Second, there were no data on headache fre-
quency, seizure frequency, and the use of antiepileptic medications.
Such data may have been helpful to better understand the potentially
complex relationship between disease factors and cognitive function.

6. Conclusion

Among patients with newly diagnosed focal epilepsy, migraine co-
morbidity is associated with more subjective memory complaints,
though this relationship is likelymore clearly related to the degree of af-
fective distress rather than to more primary factors related to migraine.
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